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FACA ARR TFo. L5G25

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTAD REPCRT

WIND-TUNNEL INVESTIGATION OF CONTROL-SURFACE CHARACTERISTICS
XXIII - A 0.25-ATRFOIL~CHORD FLAP WITF TAB EAVING A
CHORD TWICE THE FLAP CEORD ON AN NACA 0009 AIRFOIL

By M. Leroy Spearman
SUMMARY

Wind-tunnel tests have been made to determine
the asrodynamic section characteristics of an NACA 0009
airfoil with a plain flap having a chord 25 percent of
the airfoil chord and a balancing tab having a chord
50 percent of the alrfoil chord or 200 percent of the
flep chord so linked that the tab would deflect at a,
given rate with respect to the flap. Three linkage
ratios were tested on the model. :

The tests indicated that the flap and tab could be
linked to give hinge-moment baslance with flap deflection
and with angle of attack and yet have greater 1ift
effectiveness than a plain flap of similar size with a
conventional balencing tab having a chord 20 percent
of the flap chord linked to give hinge-moment balance
with flap deflection only.

INTRODUCTION

The problem of closely balancing control surfaces
to reduce the hinge moments, and consequently the stick
forces, with a minimum loss in 1ift due to the ection of
the bsalancing device is becoming incrcasingly important.
An extensive investlgation of control-surface cherscter~
istics is being conducted at the Langley Laboratory of
the National Advisory Committee for Asronautics in en
ettempt to solve this problem. A brisf summary of the
charscteristics of some of the balancing-tab srrangements
ilnvestigated to date is presented in the following
parasgranhs,
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It is suggested in reference 1 that a control surface
overbalanced by a largs overheng with a tsb deflecting in
the same direction as the flep might produce high 1lift at
small deflections. This srreangement wss tested in the
Longley 7- by 10-foot tunnel on a finite-span tail (refsr-
ence 2) and the results indicated that satisfactory
control-surface characteristics could be obtalned over
only a smell flegp-deflection range. The flap deflection
was limited by the sir-flow separation when the overhang
protruded into the alr strean.

Py

Previous tests (vreference 3) have shown thst smsll-
chord plain flsps at high flgp deflections can produce
as much 1lift as large-chord balanced Tlsps at normal
deflections. The high deflectiona of the small-clhord
flaps gave oxcessive hinge moments for largs cirnleones,
however, and 8 small-chord flsp combined with a balancing
device thst would not protrude into the air stream or
limit ©lep deflections therzfore sppesred to be & possible
solution of this prcblem.

o

An snalyvsis pressnted in rsference 2 indiceted that
hinge~-moment bslance with flap deflection es well as with
angle of attask could be obtalned by linking two fleps to
onerste in oppcsite dlrections with the chord of the
lerger Flsp twlce the chord of the smaller flep. With
this arrsngement the smaller flap would produce the 1ift
and the lsrzer flap, linked to mecve only sllshtly, would
serve ags a bselencing teb end trimuing surface and would
nob protrude Into the air streem =3 would an overhsang
balence. Tne calculations indicated thet this flzp
arrangement, linked to give complate belence, would have
greater 1ift effectiveness thsn a plsin flap of similsare
size with a ccnventional balancing tab heoving a chord
20 percent of the flsp chord. (See table I.) Another
sdvsntape of thls type of flap arrengement is thst the
weight of the forwsed flsp might e utilized as a msass
balence for the system, and thus the need for additionsa
concentrated weights might be ellminsted.

The purpcose of the present investigation is to .
determine the characteristics of e plein flen with s tab
having s chord twice the flao chord thrcugh z wide range
of flep deflection =snd sngle of attack and thus to prowvicde
e check on the analysls of raference 2.
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. COEFFICIENTS AND'SYMBOLS

The coefficients and symbols used are defined as
follows: '

3

¢c; airfoil section 1lift coefficient (ag)

LY

/' h
Ch flep section hinge-moment coefficient £
£ qcfz

chy tab section hinge-moment coefficient | té\
¢y section hinge-moment coefficient of flap and tab

Y
"

combination ( }
\qere/

where

A airfoil section 1lift

he flap section hinge moment about point at distance d
from tab hinge axis (fig. 1)

hy  tab section hinge moment about tab hinge axis

h section hinge moment of flap and tab combination
about point at distance d from tab hinge axis
(fig. 1)

c chord of bsasic airfoll

ce flep chord (0.25¢)
Ct tab chord (0,50c)

q dynamic pressure

o angle of attsck for sirfoil of infinite saspect ratio
Op flap deflection with respect to tab

5t tab deflection with respect to line from tab hinge
line to pivot point of flap
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84, bUab deflectlion with respect to airfoll when &7 =0
ot distsnce from hinge line of tab to hinge line ol flap

at distance from hinge line of tab to pivot point of

Lleap
and
/dcl
°L \ga 5
/dcz\
s Tl
f/
uU,o ©
% = \Tt/,,
/d(‘h
ch(l - \.dC[,o 5

_ [den
Ch5 - HB-E) Oo

The subscripts outside the parentheses represent the
factors held constant during the measurement of the
parameters.

APPARATUS AND PROCEZEDURE
Model

The 2-foot-chord by L-foot-spen model (fig. 1) wes
tested in the Lengley h— by b-foot vertical tunnel
described in reference i end was mede of leminated

mshogany to the NACA 0009 profils. The model wes sguipvned
with a O. 25¢ flep and a 0.50c or 2.00ce tab. For the
gap-open tests the gaps between the sirfoil and the tab
and between the tab eand the flap were 0.005c. Ths flap
and tsb were deflected in opposite directionz In a manner
similer to that for conventional balancing tabs by mesns
of the linkage system shown sckemqtlcnlly in figure 1.
The model was so arrsnged that the pocitlon of the f'lap
pivot point could be moved upward, which in effect
deflected the tab upwerd 59, 109, or 159 (messured in
each case when &y = 0°) for trlmming. The range of flsp

ot



-

NACA ARR No. I5G25 5

deflection available was not affected by changing the
position of the flap pivot point.

The flap deflection for any given tab deflection
can be obtained eanalytically for esach linkage. If 4
and d! are as Indiceted in figure 1,

sin 0%
tan &6f = (1)
-3 4 cos 8%
g

and the ratio of tab deflection to flap deflection is

a \e
36t (COS 5t - g7 2)
ot (.8 N os
\1 ~ 37 cos 6t) cos“8yp

Regardless of the linkage system used, the hinge
moment of the flap snd teb combination will be unchanged

a6
provided the value of 55% remains unchanged. In order

to test different rates of tab deflection, the distance 4!
was varied. Tab deflection and the ratio of tab deflection
to flap deflection, as calculated by equations (1) and (2),

are plotted against flap deflection for three linkages in
figure 2,

Test Conditions and Equipment

The tests were made at a dynamic pressure of 13 pounds

per square foot, which corresponds to a velocity of

71 miles per hour under standard conditions. The effective

Reynolds number for maximum 1ift coefficients for these

tests was approximately 2.57 x 10°. (Effective Reynolds
number = test Reynolds number X turbulence factor. The

turbulence factor for the Langley li~ by 6-foot vertical

tunnel is 1.93.)

The airfoil model when mounted in the tunnel com-
pletely spanned the test section. With this type of
installstion, two-dimensional flow is approximated and
section characteristics of the model can be determined.
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Teste were mede of the configurstions indicated in
table II. The deflection rates are given for zero [lsp
deflection. Messurements were made of the 1ift, drag,
pitching moment, and flap hinge moment but, since the
present investigation is concerned meinly with 1ift end
hinge-moment chearacteristics, only values of 1ift and hings
moment are presented.

a7

Corrections

in experimentally determined tumnel correction was
spplied to the 1ift. The angle of atteck and hinge
moments were corrected for the effzct of streamiine
curvabure induced by the tunnel walls in accordsnce with
a theorebicgl analysis similar to thst presented in
reference 5 for finite-span models.

The tunnel-wall corrsctions were spplied.in the
following menner:

a5 = aop + (0.2107, = 0.156c1, )
oy = (0,965 = |0.007cy,{) ey

Ch = Chn + 0.1052F ¢

Lip

where

o measured angle of attzck

GLT measured 1lift coefflicient
Clpp measured 1lift coefficient caused by flep dei'lection

(measured arbitrarily at aop = -8°)
Ch, Heasured hinge-moment coefliclent.
o

end F is a constent thsat is a function of each linkage
arrengement and is given in the following table:

d&t/06f B
-0.10 ~0.0%28 '
~.15 -.009%
-.20 .G05 -
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DISCUSSION AND RESULTS

Theory

The following analyéis was originally presented in
reference 2 but is repeated here, in slightly different
form, for clerity.

In selscting the optimum size of balancing surface
to use in connection with a flap, the 1lift as well as the
hinge moments of the balancing surface and the flap must
be considered. It is shown in reference 2 that the
greetest 1ift effectiveness -is obtained from a 0.25c flap
with a 0,50¢ tab. Reference 2 indicates also that, with
this arrangement, the hinge-moment perameters could be
made almost zero.

The following general relsztions cen be shown to hold
for sny two flaps hinged in series where ths subscripts +
and f are used for the forward and resrward flaps,
respectively:

da, _ bao4‘6ao 86+ _ (3)
a6y 06y Oy 8¢

o _ Sonr , Sy (o6 20 | )
day dao dao Neg/ 06bf

(5)

2 <

d 00 /O 08 A 00

Ch _ échf-F(EE £ cht £ . dcht . che £

dse 06p \cp/ OBy \OOt 0OB8r OBy 36¢ Obf
oI:F

The solution for SEE from equation (5) that results
a T

a%% = 0 yields two roots., This result indicates that

there sre two vealues of ratio of tab deflection to flsp

in

i

c
deflection which will give 35% 0. One root gives a

negative value of Og s which corresponds to the arrange-
ment tested; the other root gives a positive ag, which
indicates that the 1ift comes frcm the forwerd flap and
the balance from the resr flap &s is the case with a
conventional balancing tab. (For the arrangement tested,
the normal tab and flsp positions sre reversed.)
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The results obteined with equations (%) and (4) are
presented In figure 3 for various velues of the tab-to-
flap linkesge ratio. The hinge-moment date as presernted
in reference 2 were not corrected for the effect of
stresarline curveture resulting from the jet boundaries,
This streamline-curveture correction wss applied to the
data of reference 2, however, for the computed curves in

GOt . -
figure 3. The ratio F§z Wwas veried froem O to -0.25 in
+
order to compute the serodynamic charecteristics presented

¢
in figure 3., On the model tested, the ratio 5%% = -0,.10,

~0.15, and -0.20 were used to ensurs that thes rstio st
wnich eop, and chg become zsro could be lound.

Test Results

Iift.~ The 1lift cheracteristics are presented in
figures 1§ to 7 for 0.005c¢c geps and figures 8 to 11 for
sealed geps. The 1lif't pzsrsneters are given in takle III
snd are plotted egeinst linkage retio in figure 12. The
parameters wers messured at c¢3 = 0 since deflecting the
tab ror trimming shifted the curves so that the linear
renge of coefficients occurred at s higher angle of attack.

For all tab trim positicns the rate of change or
lift coefficient with flep deflection cp35 increesed es
the linkege ratio decreased. A3 would be exrpected, the
slope of the 1lift curve ci, emeined almost wachenged
and conseguently the 1ift effectlveness of the fisp ag
rnerzased as the linkage ratio decrsssed. The Tlszp was
alrly effective up to deflections of ebout 20° and the
ffectivenscss at largsr deflections was improvsd sz the
inkage ratio decressed. 3Sesling the gaps increased c¢igq,
cigs 8nd  ag.

Deflecting the tab for triaming hed no effect on oy,,
cigs or as, bat the 1ifL curves became incressingly
nonlinear in the negative 1lift rammge 25 the tab was
deflscted more negatively. This effect 1s the result of
glr-flow separstion that is probably cesused by the bresk
in the airfoil contour at ths 0.50c ststion, which results
from deflecting the tab. The same elfect on the 1ift
curves can be ssen &s the camber increases for eirfoils
having maximum camber st ths 0,50c point (reference 6).

L

[ U N

Moving the tab trim position negatively shifted the
1f%t curveg so that gresater negetive 1lift, which is
desired for a horizontal tall near the grcund, could be

LY
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obtained in the landing sttitudes This method of trimming
1s about 75 percent as effective as sn adjustable stabi-
lizer, With the tab delflected epproximately -10° or more
the elsvetor control through the deflecticn range tested
is insufficilent for obtaining zero 1ift for the horizoatal
tall, unless the surface i1s at a positive angle of attack
(as when neer the ground). This effect would be importeant
in the cese of a wave-off condition, since the tab trim
position would probably be changed by a fairly slow
mechanicsl method end the pilot might not have adequate
elevstor control.,

Ths characterlstics for a 0.20cs convsntiocnal
balancing tab werse computed from eguatlons (3), (L),
and (5) and ere compared with the characteristics predicted
for the 2.00ep balencing tab in table I. As predicted
by the analysis, ag for the 2,008, balancing tab is
about 25 percent gréater than for the 0.20cy conventional
balancing teb linked to give hinge-moment bslance with
flap deflection only.

3
W
i

HEinge moments.~ Hinge-moment charsacteristics are
presentsd in figures L to 7 for 0.005¢ gaps end figures 8
to 11 for sesled gaps. A list of hinge-moment parameters
is given in table III and the verlation of hinge-moment
perametsrs with linkage ratio is shown in figure 12 for
each tab trim deflection with the gaps oven and sealed.
The varistion of hinge-moment coefficient with 1ift coef-
ficient for varlous angles of attack at two tab trim
settings and two ratios of tab deflection to flap
deflection with the 0.005¢ geps and the sealed geps is
shown in figure 13,

The hinge-moment curves differ from the usual hinge-
moment curve in thet ¢h, becomes wmore nearly zero (and
in some cases even positive) with the flap deflected than
with the flap neutral. . The values of chg tended to
become more negative as the linkage ratio &86¢/06f
approached zero. Nearly complete balesnce was geonerally
obtained at a ratio of tsb deflection to flap deflsction
of =0.15, which 1s in agreement with the analysis presented
in reference 2 and with the results shown herein in
figure 3%,

The decrease in Chg 88 the linkage ratio approaches

zero 1s to be expected because the amount of balancing
moment contributed to the Ilap by the' teb is resduced sas
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the pivot point (fixed relative to main airfoil) of the
flap moves forward., For each linksage ratlio the hinge
moment caused by flap deflection becones more negative
repidly at deflections of about 10° for the 0.005¢ gaps
snd about 15© for the segled gaps. This effect 1s
probably caused by sir-flow separation over the flsp, as
has been generally observed on other airfoils having
highly balanced flaps, For a linkage ratio of -0.15 with
the tab trimmed at zero, the hinge moments are very
closely bslenced for deflections up to about 10° or 150
throughout the angle~of-sttsck range.

The value of c¢p, becomes more negative as the

linkege ratio decreases. This effect is the result of
the decrease in balancing moment produced on the flap

by the tab and also of the decrease in the amount of
flep area ghead of the filxed pivot polint. The balancing
moments decrease as the pivot point of the flap moves
forward and the effect is similsr to that of decressing
the size of an overhang balance.

Deflecting the tab for trimming had little eflect
on ¢chg &and- chsy measured at the angle of zero 1lift.
Az the tab is deflected negatively, however, tlhe hinge
moments become more closely balanced at higher positive
angles of attack. With this arrangement, higher 1lifts at
large angles of attack could be obtained with less hinge
moment than could be obtained with thse tab trimmed &t
zero. Such & varistion is desirable for landing when the
present system is used as an elevator, or for trimming
the Yawing moment due to slipstrsam rotation when it is
used as & rudder on single-sngine sirplanes if the rudder
deflectlon and angle of attack are of opposite sign.

Sealing the gaps (fig. 12) generally gives =2 more
positive value of °h5 for initial tab trim deflectlons
of both 0° and ~15°. The effect on cp, of ssaling the

gaps was not ccnsistent, however, since the Incremsnt was
negative for &6y = 09 and positive for 5to = =150,
o

CONCLUSIONS

Tests were made of an NACA 000 9 girfoil W1th a flap
having a chord 25 percent of the sirfoil chord (0.25¢)

T
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annd & tab having a chord 200 percent of the flap chord
(2.00ce). The following conclusions were indicated:

1, A flap with a 2.00ce Dbalancing tab could
produce hinge-moment balasnce with both angle of attack
and flap deflection snd yet have greater 1ift effectivensss
than a flep of similsr size equipped with a 0.20ce con-
ventional balancing tab linked to give hinge-moment
balance with flsap deflection only.

2, Deflecting the tab for twjmming was sbout
75 percent as effective as an adjustable stabilizer.

3, The most neerly complete bhelance was obtained
at a ratio of tab deflection to flapn dellection equal
to ~0.15, es hsad been indicated by a previously published
analysis.

li. Sealing both gaps generslly incressed the slope
of the 1lift curve c¢j, and the 1lift effectiveness of

the flap end geve more positive values for the rate
of chenge o? hinge-moment cosfficient with flap
dcrlecu¢on Chg -

5. With the tab deflected negatively for trim, the
hinge moments were closaly balenced at high positive
sngles of attack,which is desirable for the landing
condition,

Langley Memorisl Aeronsutical Labordtovy
National Advisory Committee for As ronwﬂu_cu
Lengley Fleld, Va
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TABIE T
. COMPUTED CHARACTERISTICS OF A O.25c FLAP WITH

A 2.00cr AND A 0.,20ce TAB

P ep/op | O64/26f ag Chy Chy |

l S Y W - ,,_._._..__i

| 0.20 | -0.93 -0. 3% -0.0063% 0

] ! '

| 200 | -.16 -0 L0001 | 0 |
TABLA II

TAB TRIM POSITIONS AND DEFLECTION RATE3 TESTED

- 5ty | ] |
084+/08¢ Gaps Figure

 (aep) /06 ¢ P g
0 -0,10 Open L(a)
0 -. 15 : ({b)
0 -.20 i vie)
1| i
"'-5 -023 \'(/<Cg
-10 -.10 6(z)
-10 ~.15 (b)
-10 ~. 20 V{e)
-15 -.10 7(8)
-15 -~ 15 . (b)
-15 -4 20 % V(e)
0 -, 10 Sealed 8(a)
0 -+ 15 : (b)
0 -.20 ; V(e)

-5 -.10 { 9

~10 -, 10 : 10
-15 -.10 | 1i(a)
~15 - 15 ! | (b)
-15 -.20 \ i \le)

NATTOWAL ADVISORY
COMMITTEE FOR ARRONAUTICS
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TABLE ITI

CECA ART Vo, 15325

LIS®T AND HINGE-MOMENT PARAMETERS FOR A 0.25¢ PLAIN

FPLAP WITH A 2.00ce TAB ON AN NACA CO0Y AIRFCIL

IN THE LANGLEY L- BY 6~FQ0T VERTICAL TUNNEL

Configuration

=~

f

| .
i
c ! P
Py . c C (04 i C : [
Oto Oﬁt/éﬁf 7’0, | 25 8 i h&',".. { J:.b
(deg) i . ; |
808 open

0 ~-0.10 | 0.090 ]|0.03%70 | =0.40 -=0.0015 i -0.0038

0 -.15 092 | 0220 | =~.3 i . 0007 . 000k

0 -.20 093 | 0265 -.28 ; .0ooLl .00L9

-5 -.10 .089 | .0%65 | -.41 | -.00¢ -.00u2

-5 -.15 .091 | .0330 | =.36 | -.000C -.000

-5 -.20 .089 | .0275 ~.El booLooblh .COLLL
-10 -.10 092 | 0370 -0 | -.0016 | ~-.004O
~10 -.15 .091 | 03401} =~.37 2007 .0010
-10 -.20 091 | .0270| «.30 Lo0h2 L0043
-15 -.10 L00L | .0%60| =.28 | ~.0022 | -.003l
-15 -.15 093 | .0%3201| -.34 .0005 1 0
-15 -.20 095 | .0275 | =.29 L0041 .o043

Geps sealed

0 t-0.,10 | 0.096 lo.010} ~0.43 |~0.0018 | -0.0026

o b -.15 .097 | .0335| -.L0 .0003% .ol

0 -.20 .096 | .0350 | =~.36 .00kb . 005l

-5 -.10 | .047 | .03851 -.Lo | -.00i6 | -.00%32
~10 ~.10 097 | Joh20| -3 | 0 -.001l
=15 -.10 .059 | .oh2o| -2 | -.00181 -.0GC36
-15 -.15 .097 | .0380 | =.39 .0012 . 0007
-15 «] -.20 099 | o35 | -.2%5 1 .oOLL L0019 |

NATIONAL ADVISORY
COMMITTEE FOR AZRONAUTICS
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"

c=24 — -

——— ,=200c; ——>

K

~G=25c—>

™~ Hinge axis—7]
(a) Chord dimensions of airfoil.

(b) Position of tab when used for trimming. &=0°

Pivot point
ﬁx?d re_/az‘/vg
o_main par

of airtol]

(c) Definition of o’ef/ebt/on Symbols.

NATIONAL ADVISORY .
COMMITTEE FOR AERONAUTICS

_F/'gure L-Arrangement of 2.00 cg Tab model/ for
various deflection rates and tab trim
positions. NACA 0009 airfoil.
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Ratio of tab deflection
to flap def‘/ecfion,jgfc

Tab deflection, &t ,deg
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-8 COMMITIEE FOR {Erosaufics
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Flap deflection, 8p, deg

Figure 2 .- Charocteristics of linkage tested
on the NACA 0009 airfoil witha 0.25¢
flap and a 2.00cs tab.
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008 Gaps
2 fa
~ 005 ¢
004 ~L @& — Sealed (calculated rrom
‘ N dafa of reference 2)
N
dC/, 0 o
doxe, A
™~
0 -=004 : ~
det '2 =008 |
« =0~
=6
.008
BN
004 S
o)
N-J
=04 >
\\\
=008 - - \\
AN
P
~0/2 e
24 20 /6 /2 08 04 0 0
26t
o5

Figure 3. — Comparison of the aerodynamic char-
acteristics of the 2.00¢, 1ab on NACA 0009 airfoil
obtained rrom experiment and From calculations.
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Figure 4.- Aerodynamic section characteristics of
an NACA 0009 airfoil having a 025¢ flap and a 2.00¢y
tab with various linkages.
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Fig. 6a - NACA ARR No. L5G25
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Fig. 7b ‘ NACA ARR No. L5GZ5
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NACA ARR No. L5G25 ’ _ Fig. 9
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Figure /1. - Aerodynamic section characteristics of an
NACA 0009 airfoil having a 025¢c flap and a 2.00cs tab  with
variouvs linkages .
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Fig. lla Conec. NACA ARR No. L5G25
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(a) Gaps sealed ; §t,=-15°%; &/36r=-0.10. Concluded.
Figure Il.- Continved.
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NACA ARR No. L5G25 Fig.
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(b) Gaps sealed ; §t,=-15° ; 98t /3sp = -0.15.
Figure [l .~ Continved.
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(b) Gaps sealed ; &t,=-15"; 8¢ /3sp=-0I5 . Concluded.
Figure 1l.- Continved: .
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NACA ARR No. L5G25 Fig. llc
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Figure Il.- Continved . .



Fige llec Conec. NACA ARR No. L5G25
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NACA ARR No. L5G25 Fig. 1l2a
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Figure |2~ Variation of parameters with
ratio of tab deflection fo flap deflection. ¢;=0.



Fig. 12b NACA ARR No. L5G25
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Figure I2.- Continved .



NACA ARR No. L5G25
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Pig. 12d | NACA ARR No. L5G25
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Section hinge-moment coefficient
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Figure 13.- Hinge-moment coefficient as a function of lift coefficient Tor various

tab positions and angles of attack for the 200c,« balancing tab on the NACA 0009
airfoil. 38 /d8f =-0.15 .
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Figure 13.-- Concluded.
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